We analyzed lactic acid bacteria (LAB) and yeast populations in samples of airag, undaa, and hoormog, which are varieties of traditional fermented milk produced in Mongolia. To effectively detect lactobacilli, lactococci/streptococci/enterococci, and leuconostocs for complete analysis of the complex LAB population in airag, we developed two new primer sets and examined these primer sets in three different combinations using denaturing gradient gel electrophoresis (DGGE). DGGE analysis revealed the diversity of the LAB and yeast populations in these traditional fermented milk samples; six to 11 LAB and yeast species were detected. The species common to all samples include Lactobacillus helveticus, Leuconostoc mesenteroides, Lactococcus lactis, and Kluyveromyces marxianus. Lc. raffinolactis, Enterococcus faecium/ hirae/durans/villorum/ratti, Streptococcus thermophilus, L. kefiranofaciens, L. kefiri/buchneri, Leu. citreum, and Leu. lactis were detected in multiple samples, while lactose non-fermenting Saccharomyces cerevisiae was only detected in one sample of hoormog.
Introduction
Airag is the most popular traditional fermented milk in Mongolia. It is made using horse milk and has a low alcohol content (normally less than 3%). Similar types of traditional fermented milk are also consumed in Inner Mongolia (chigee and tsege) and Russia (koumiss). Hoormog and undaa, respectively prepared using the milk of camel and cow, are less popular types of Mongolian fermented milk.
Airag is generally fermented by adding fresh raw milk to a small quantity of previously prepared airag, and the mixture is then stirred several thousand times. At the end of the horse lactation period, Mongolian people prepare hurunge, naturally dried airag which is stored for use as a starter culture in the following summer.
Some studies have analyzed the population of lactic acid bacteria (LAB) and yeasts in airag using culturedependent methods. Lactobacillus plantarum, L. pentosus, and Lactococcus lactis subsp. cremoris were isolated from airag (chigee) obtained from Inner Mongolia (An et al., 2004). L. acidophilus, L. helveticus, L. casei, L. plantarum, L. bavaricus, Lc. lactis subsp. cremoris, Leuconostoc lactis, Enterococcus faecium, Saccharomyces cerevisiae, Candida kefir, C. krusei, and C. glabrata were isolated from hoormog (hogormag), traditional fermented camel milk prepared in Inner Mongolia (Shuangquan et al., 2004) . Lc. raffinolactis, L. casei, L. plantarum, S. cerevisiae, C. kefir, C. krusei, and C. gla- brata were isolated as the major species from hurunge, which is used as the starter culture for preparing traditional fermented milk in Inner Mongolia (Shuangquan et al., 2006) . L. helveticus, L. kefiri, S. dairensis, and Kluyveromyces wickerhamii were isolated as the major airag and two related fermented milk samples were collected from different regions of Mongolia in September 2005 (Table 1) . The samples were frozen and stored at -20℃ until analysis. Ethanol, lactic acid, and lactose contents of each sample were measured using the corresponding F-kit (Roche, Germany). The pH of each sample was measured with a glass electrode and an F-22 pH meter (Horiba, Japan).
DNA extraction Bacterial genomic DNA was extracted from airag using a 1-mL volume of each sample. DNA was prepared using the modified lysozyme-SDS method as previously described (Pospiech and Neumann, 1995; Miyamoto et al., 2005) .
DGGE analysis The primers used for DGGE analysis are shown in Table 2 . The primers LbM1 and LeuM3 were designed using Primer Express software (Applied Biosystems, USA) for the genus-specific analysis of lactobacilli and leuconostocs, respectively. These primers were analyzed using the Probe Match program on the Ribosomal Database Project II website to confirm that the corresponding region of any other genera could not be amplified by PCR with these primer sets. PCR was performed using the GeneAmp PCR system 9700 (PerkinElmer, USA) and a PCR kit (GE Healthcare, UK). The reaction mixture (25 μl) contained 10 pmol of each primer, 200 μL each dNTP, 10 mmol/L Tris-HCl (pH 9.0), 50 mmol/L KCl, 1.5 mmol/L MgCl 2 , 2.5 U Taq polymerase, and 1 μL DNA solution. The following cycling conditions were used for amplification in the DGGE analysis: (1) for the LAB gene: 94℃ for 2 min; 35 cycles at 94℃ for 30 s, 61℃ for 1 min, and 68℃ for 1 min; and a final step at 68℃ for 7 min; and (2) for the yeast gene: 94℃ for 5 min; 30 cycles at 94℃ for 1 min, 52℃ for 45 s, and 68℃ for 1 min; and a final step at 68℃ for 7 min. species in airag samples obtained from Mongolia (Uchida et al., 2007) . Watanabe et al. (2008) Since the 1990s, denaturing gradient gel electrophoresis (DGGE) has been used to analyze microbial biota, especially in the field of environmental sciences. This technique has also been applied to the analysis of microbial biota in traditional fermented foods. The microbial biota of traditional fermented foods such as Italian salami (Silvestri et al., 2007) ; ghee, a fermented butterlike product in Uganda (Ongol and Asano, 2009) ; and nyarmie, a fermented milk product in Ghana (Obodai and Dodd, 2006) have been characterized using DGGE. Ongol and Asano (2009) detected acetic acid bacteria in ghee; these bacteria could not be isolated using the agar plate technique. DGGE is a powerful tool for the analysis of microbial biota in traditional fermented foods because it directly amplifies bacterial DNA; therefore, the sample storage conditions will not affect the results.
In this study, we introduced a culture-independent method to analyze LAB and yeast populations in airag. In order to completely analyze the complex LAB population in airag, we developed two new primer sets and examined three different combinations of these primer sets that could effectively detect lactobacilli, lactococci, enterococci, and leuconostocs for application in DGGE analysis. This is the first work that analyzes the LAB and yeast microbial biota in airag using DGGE.
Materials and Methods
Sample collection and biochemical analysis Six m. miyamoto et al. These values were consistent with those obtained in previous reports (Burentegusi et al., 2002; Ishii et al., 1997; Watabe et al., 1998) . The lactic acid content of undaa and hoormog samples was higher than that of the airag samples. Airag samples A and D, and undaa, which contained lactose, tended to have low ethanol content. On the other hand, hoormog contained no lactose and had low ethanol content.
Design of new primer sets
Previous reports have analyzed LAB populations using culture-dependent methods Burentegusi et al., 2002; Ishii et al., 1997; Naersong et al., 1996; Shuangquan et al., 2004 Shuangquan et al., , 2006 Uchida et al., 2007; Watabe et al., 1998; Watanabe et al., 2008) . L. helveticus was isolated in six studies. The following species were also identified: L. kefiranofaciens in four reports, Leu. lactis in two reports, Leu. mesenteroides in three reports, L. farciminis in four reports, L. casei in four reports, L. paracasei in two reports, and Lc. lactis in six reports. This discrepancy can be explained by certain factors such as the isolation medium and the sample conditions (i.e., ethanol and lactic acid contents, in addition to storage conditions). In this study, we introduce a culture-independent method, DGGE, to resolve this issue. We first attempted to develop an effective DGGE primer set to analyze the lactobacilli, lactococci, enterococci, and leuconostocs species that exist in the fermented milk samples.
In previous studies, the primer set Lac1-Lac2 GC has been frequently used to differentiate lactobacilli and leuconostocs and the primer set Lac3-Lac2 GC to differentiate streptococci, lactococci, and enterococci (Endo and
The PCR products were separated using the DCode system (Bio-Rad, USA) in 16 cm × 16 cm × 1 mm gels; 8% polyacrylamide gels were prepared and electrophoresis was performed with 1× Tris-acetate-EDTA (TAE) buffer. The denaturing gradient gels, containing 35-45%, 35-55%, and 30-60% gradients, were prepared according to the instructions with the DCode system. Electrophoresis was performed at 60 V for 16 h in 1× TAE buffer maintained at 60℃. Gels were stained with SYBR Green I (Cambrex Bio Science Rockland, Inc., USA) for 30 min and photographed under UV transillumination. DGGE band sequencing DGGE bands were sliced from the polyacrylamide gel and transferred to 50 µL sterile water. DNA was eluted at 4℃ overnight, and 1 µL eluted DNA was re-amplified under the conditions described above. Migration distance of the re-amplified product was compared with the original band by DGGE on the same gel. After confirmation of the migration distance, the eluted DNA was amplified for sequencing using the same primers without the GC clamp. DNA sequencing was carried out using an ABI Prism 3100 sequencer (Applied Biosystems) by a DNA sequencing service company (Hokkaido System Science, Japan). Sequences were identified by performing a BLAST search of the DNA Databank of Japan (DDBJ).
Results and Discussion
Biochemical characterization of airag The biochemical characteristics of the airag, undaa, and hoormog samples are listed in Table 1 . The ethanol content of the samples was low, varying from 0.5-2.6% (v/v). Lactobacillus acidophilus mog sample are shown in Fig. 1 . One common band was obtained from each gel using Lac3-Lac2 GC (band d), Lac- and raw horse milk in our experiment (data not shown). We speculated that Str. parauberis was a contamination from horse milk, and subsequently was killed during the fermentation process. Two bands were also obtained for L. helveticus (bands j and k), Lc. raffinolactis (bands a and b), and Str. thermophilus (bands f and g). Even in pure culture, multiple fragments with different migration distances were reportOkada, 2005; Endo et al., 2007; Walter et al., 2001; Zanini et al., 2007) . However, our preliminary experiments revealed that L. kefiranofaciens, Leu. mesenteroides, and Leu. lactis, which are frequently isolated from airag, could not be differentiated using Lac1-Lac2 GC (data not shown). Therefore, we developed two new primer sets to resolve this problem.
Microbiota in Mongolian Fermented Milk
X61138 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCNAGCGTTGTCCG•••••• Lactobacillus amylovorus AY944408 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus casei subsp. casei AF469172 •••AGCAGTAGGGAATCTTCCA••••••TCCAACCAGAAAGCCACG••••••GGCAAGCGTTATCCG•••••• Lactobacillus crispatus AF257096 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus delbrueckii subsp. bulgaricus AB007908 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus fermentum AJ575812 •••AGCAGTAGGGAATCTTCCA••••••TTTAACCAGAAAGTCACG••••••GGCAAGCGTTATCCG•••••• Lactobacillus gasseri AF519171 •••AGCAGTAGGGAATCTTCCA••••••ATTACTTAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus helveticus AM113779 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus johnsonii AJ002515 •••AGCAGTAGGGAATCTTCCA••••••ATTACTTAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus kefiranofaciens subsp. kefiranofaciens AM113781 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus kefiri AY579584 •••AGCAGTAGGGAATCTTCCA••••••TCCAACCAGAAAGCCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus kitasatonis AB107638 •••AGCAGTAGGGAATCTTCCA••••••ATCAACCAGAAAGTCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus parakefiri AY026750 •••AGCAGTAGGGAATCTTCCA••••••TCCAACCAGAAAGCCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus plantarum AB326351 •••AGCAGTAGGGAATCTTCCA••••••TTTAACCAGAAAGCCACG••••••GGCAAGCGTTGTCCG•••••• Lactobacillus sakei AM113784 •••AGCAGTAGGGAATCTTCCA••••••TCCAACCAGAAAGCCACG••••••GGCAAGCGTTGTCCG•••••• Leuconostoc carnosum AB022925 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG•••••• Leuconostoc citreum AB022923 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG••••••
Leuconostoc fructosum AF360737 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG•••••• Leuconostoc gelidum AB022921 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG•••••• Leuconostoc lactis AB023968 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG•••••• Leuconostoc mesenteroides subsp. mesenteroides AB023243 •••AGCAGTAGGGAATCTTCCA••••••CCATACCAGAAAGGGACG••••••CCCGAGCGTTATCCG•••••• Lactococcus lactis subsp. lactis AB100803 •••AGCAGTAGGGAATCTTCCG••••••ACTACCCAGAAAGGGACG••••••CCCGAGCGTTGTCCG•••••• Streptococcus thermophilus AY687382 •••AGCAGTAGGGAATCTTCCG••••••GCTTACCAGAAAGGGACG••••••CCCGAGCGTTGTCCG•••••• Enterococcus faecium AJ276355 •••AGCAGTAGGGAATCTTCCG••••••TCTAACCAGAAAGCCACG••••••GGCAAGCGTTGTCCG••••••
Primer design involved ClustalW analysis of the 16S rDNA sequences of 24 strains of LAB from GenBank (Table 3) . From this analysis, we identified two genusspecific sequences: LeuM3 for leuconostocs and LbM1 for lactobacilli. Then, we applied three primer sets ( 
DGGE analysis of yeasts
The DGGE profiles of yeasts in all the samples are shown in Fig. 2 . Considerably fewer DNA bands were obtained for yeasts than for LAB as the microbial biota of yeasts is simple compared to that of LAB. One common band (band a) was detected and this band was identified as K. marxianus (Table 5) . On the other hand, Dekkera bruxellensis was detected in three of airag samples, as well as the undaa and hoormog samples. D. bruxellensis was the dominant yeast in undaa and hoormog, whereas Kluyveromyces was dominant in airag. Unlike Dekkera, Kluyveromyces utilizes lactose for fermentation, suggesting that D. bruxellensis might utilize glucose resulting from the digestion of lactose by LAB. One of the reasons for low alcohol content of undaa and hoormog may therefore be due to the delay of alcohol fermentation by D. bruxellensis. Moreover, S. cerevisiae was detected only in hoormog, although this species has been reported in many previous studies Shuangquan et al., 2004 Shuangquan et al., , 2006 Uchida et al., 2007; Watanabe et al., 2008) . According to Watanabe et al. (2008) , the cell count of K. marxianus is more than 100 times that of S. cerevisiae in airag and the resolution of DGGE was not suitable for this difference in cell count. In fact, we could detect S. cerevisiae by PCR amplification using S. cerevisiae-specific primers (Martorell et al., 2005) . Horse milk contains higher lactose (6.1%) than cow milk (4.9%) (Huppertz et al., 2006) . Lactose-fermenting Kluyveromyces can grow well in the ed by Meroth et al. (2003) . Bands h and i could not be identified because these bands could not be re-amplified after elution from the sliced gel. Dominant LAB species detected in airag by DGGE were L. helveticus, L. kefiranofaciens, Lc. lactis and Leu. mesenteroides, although lactobacilli were the main LAB isolated from airag in previous studies (Ishii et al., 1997; Naersong et al., 1996; Uchida et al., 2007) . As lactobacilli have been reported to have higher acid tolerance than lactococci (Rogosa et al., 1951) , L. helveticus and L. kefiranofaciens may be supplied from old airag or hurunge (air-dried form of airag) used as the starter for fermentation. On the other hand, since Lc. lactis and Leu. mesenteroides have been isolated from raw mare milk and raw horse milk in our experim. miyamoto et al. Fig. 2 . † † Accession numbers of the sequences of the closest relatives found by the BLAST search.
Fig. 2. DGGE profiles of yeasts in airag.
M II: DGGE marker II (Takara Bio, Inc.). Denaturant gradient, 30-60%; primer set, NL1 GC -LS2.
early stage of airag fermentation. Thus, we speculate that Kluyveromyces could become a dominant species in airag compare to the non-lactose-fermenting Saccharomyces.
Conclusion
LAB and yeasts in traditional Mongolian fermented milk were analyzed using DGGE. Two new primer sets were developed for LAB analysis in this study. The LAB and yeast populations in six airag, one undaa, and one hoormog sample comprised six to 11 species. L. helveticus, Leu. mesenteroides, Lc. lactis, and K. marxianus were detected in all samples. Lc. lactis, Str. parauberis, Str. thermophilus, L. helveticus, L. kefiranofaciens, L. kefiri/buchneri, Leu. citreum, Leu. mesenteroides, Leu. lactis, K. marxianus, and D. bruxellensis were detected in one airag sample. As most of these species are easily killed at very low pH, DGGE analysis is useful for detection of LAB and yeast populations in traditional fermented milk such as airag samples. 
